INTRODUCTION
Satellite cells are myogenic progenitors that underlie the growth and regenerative potential of mammalian skeletal muscle. Several genetically altered lines of mice have been used to demonstrate the requirement of these cells for muscle repair and their contribution to muscle hypertrophy (Seale et al., 2000; Lepper et al., 2011; McCarthy et al., 2011; Sambasivan et al., 2011) . Due to specie conservation of the molecular signature of satellite cells (Galli et al., 2008; Daughters et al., 2011; Seger et al., 2011) , bovine satellite cells (BSC) likely are the primary source of myonuclei during postnatal muscle growth in growing cattle.
Implicit to myonuclear addition are signals emanating from the local niche that alter satellite cell biology. Satellite cells typically reside in a quiescent state until receiving input information to traverse the cell cycle, self-renew, and return to quiescence. Hepatocyte growth factor (HGF) is recognized as the requisite modulator of rat satellite cell activation (Tatsumi et al., 1998; Sheehan et al., 2000; Yamada et al., 2010) . Local fi ber perturbation causes the production of nitric oxide, which allows for matrix metalloproteinase liberation of ABSTRACT: Satellite cells support effi cient postnatal skeletal muscle hypertrophy through fusion into the adjacent muscle fi ber. Nuclear contribution allows for maintenance of the fi ber myonuclear domain and profi cient transcription of myogenic genes. Niche growth factors affect satellite cell biology; however, the interplay between fi ber elasticity and microenvironment proteins remains largely unknown. The objective of the experiment was to examine the effects of hepatocyte growth factor (HGF) and surface elasticity on bovine satellite cell (BSC) activation kinetics in vitro. Young's elastic modulus was calculated for the semimembranosus (SM) and LM muscles of young bulls (5 d; n = 8) and adult cows (27 mo; n = 4) cattle. Results indicate that LM elasticity decreased (P < 0.05) with age; no difference in Young's modulus for the SM was noted. Bovine satellite cells were seeded atop polyacrylamide bioscaffolds with surface elasticities that mimic young bull and adult cow LM or traditional cultureware. Cells were maintained in low-serum media supplemented with 5 ng/mL HGF or vehicle only for 24 or 48 h. Activation was evaluated by proliferating cell nuclear antigen (PCNA) immunocytochemistry. Results indicate that BSC maintained on rigid surfaces were activated at 24 h and refractive to HGF supplementation. By contrast, fewer (P < 0.05) BSC had exited quiescence after 24 h of culture on surfaces refl ective of either young bull (8.1 ± 1.7 kPa) or adult cow (14.6 ± 1.6 kPa) LM. Supplementation with HGF promoted activation of BSC cultured on bioscaffolds as measured by an increase (P < 0.05) in PCNA immunopositive cells. Culture on pliant surfaces affected neither activation kinetics nor numbers of Paired box 7 (Pax7) immunopositive muscle stem cells (P > 0.05). However, with increasing surface elasticity, an increase (P < 0.05) in the numbers of muscle progenitors was observed. These results confi rm that biophysical and biochemical signals regulate BSC activation.
HGF and subsequent release of the cell from quiescence (Tatsumi et al., 2001; Yamada et al., 2008) .
Muscle fi ber extracellular matrix composition infl uences satellite cell function. Proteoglycans affect precursor cell myogenicity through sequestration and presentation of HGF and transforming growth factor β, among others (Cornelison et al., 2001; Casar et al., 2004; Li et al., 2006) . Moreover, surface substratum tensile strength directs human embryonic stem cell, mesenchymal stromal cell (MSC), and satellite cell self-renewal and differentiation (Gilbert et al., 2010; Huang et al., 2010a,b) .
The objective of the experiment was to examine the effects of HGF and substrate elasticity on BSC activation kinetics in vitro. Results presented herein support HGF as a conserved activation signal for satellite cells and demonstrate the importance of elasticity to BSC quiescence.
MATERIALS AND METHODS

Animals
All animals were housed and euthanized according to approved practices and guidelines from the University of Florida Institutional Animal Care and Use Committee (approval number 201004212).
Satellite Cell Isolation
The semimembranosus (SM) was excised from young (5 d of age; n = 8) Holstein bull calves, trimmed of connective tissue and fat, and ground in a meat grinder. Tissue was digested with pronase E (Sigma Aldrich, St. Louis, MO) at 1.25 mg/g tissue in PBS at a 1:1 (wt/vol) ratio for 45 min at 37°C with gentle swirling at 10 min intervals. Protease was washed from the tissue by addition of PBS and centrifugation at 1,500 × g at room temperature for 5 min and supernatant discarded, which was repeated for a total of 3 consecutive washes. The tissue was then resuspended in PBS, shaken vigorously, and centrifuged at 500 × g at room temperature for 10 min. The supernatant containing satellite cells was collected and the process was repeated for a total of 4 times to extract maximal satellite cell number from the tissue. Cells were collected by centrifugation at 1,500 × g at room temperature for 10 min followed by fi ltration through 70 μm and 40 μm nylon mesh to remove tissue debris (Fisher Scientifi c, Pittsburgh, PA). Final cell pellets were collected by centrifugation, resuspended in low glucose Dulbecco's Modifi ed Eagle Media (DMEM; Invitrogen, Carlsbad, CA), supplemented with 10% (vol/vol) horse serum (Invitrogen), 1% (vol/vol) penicillin/streptomycin (Invitrogen), 0.1% (vol/vol) gentamicin (Invitrogen), and 10% (vol/vol) dimethyl sulfoxide (Sigma Aldrich), and stored in liquid nitrogen vapor until needed.
Cell Culture
Primary BSC were cultured in low glucose DMEM supplemented with 10% (vol/vol) horse serum, 1% (vol/ vol) penicillin/streptomycin, and 0.1% (vol/vol) gentamicin reagent solution on entactin-collagen type IVlaminin (ECL; Millipore, Billerica, MA) coated plates at an initial seeding density of 1,000 cells/mm 2 . Treatment media consisted of low glucose DMEM supplemented with 2% (vol/vol) horse serum, 1% (vol/vol) penicillin/ streptomycin, 0.1% (vol/vol) gentamicin, and 10 ng/mL (w/v) of recombinant human HGF (R&D Systems, Minneapolis, MN). Cells were cultured at 37°C in 5% CO 2 .
Preparation of Matrix Protein and Photocrosslinker Attachment
Entactin-collagen type IV-laminin was used as the substratum matrix. Phenol Red was removed from the ECL concentrate through buffer exchange with PBS (Zeba Spin Desalting Columns; Thermo Fisher Scientifi c, Waltham, MA). The ECL was mixed with 10 mM N-hydroxysulfosuccinimide (Sulfo-SDA; Thermo Scientifi c) at a 1:1 (vol/vol) ratio to allow for optimal protein:crosslinker interactions. The reaction was terminated after 30 min by addition of sterile 1 M Tris, pH 8.0 (Fisher Scientifi c) quenching buffer to a fi nal concentration of 100 mM. The mixture was allowed to sit for 5 min before the Tris buffer was removed (Zeba Spin Desalting Column). The ECL protein concentration was measured (Micro BCA Protein Assay Kit; Thermo Scientifi c) and subsequently diluted to 20 μg/mL with sterile PBS. The ECL-sulfo-SDA compound mixture was immediately photocrosslinked onto polyacrylamide gels or used to coat tissue cultureware.
Polyacrylamide Substrate Preparation
Acrylamide and N-N'-methylene-bis-acrylamide (Bio-Rad, Hercules, CA) solutions were made to their desired concentrations in 1% (vol/vol) HEPES (Fisher Scientifi c), as described (Peyton and Putnam, 2005; Chaudhuri et al., 2010) . Polyacrylamide gel sheets (0.75 mm) were formed at the indicated fi nal acrylamide percentage and 8 mm diam. gel discs were created using a steel punch. Gel discs were coated with the ECL-Sulfo-SDA mixture (20 μg/mL) followed by covalent attachment of the matrix to the gel surface with UV irradiation at 365 nm (UVP, Upland, CA) at a working distance of 1 cm for 15 min.
Measurement of Elastic Properties and Young's Modulus Determination
Elastic moduli (Young's moduli) of the polyacrylamide gels and muscle tissue were quantifi ed with an Instron 3343 (Instron, Norwood, MA). Gels were polymerized for 2 h as sheets between glass plates and were then cut into "dog-bone" shapes as described in Peyton and Putnam (2005) , with dimensions as follows (length by height): two 2 × 5 cm rectangles connected by a 4 by 1 cm rectangle, all with 0.75 mm thickness. Gels were hydrated in PBS until needed and were attached to the Instron load cell by clamping both 2 by 5 cm rectangles and leaving the 4 by 1 cm rectangle unclamped. The SM and LM muscles were removed from young (5 d) Holstein bull calves (n = 3) and adult (27 mo) Holstein females (n = 4) at slaughter. Muscle tissue samples were kept in DMEM postharvesting and subsequently cut into strips approximately 10 cm for width and thickness and 20 cm in length. All tissues were maintained at 37°C in DMEM until use. Muscle samples were attached to the Instron load cell and the working length (unclamped region) was noted. Samples were subjected to stretching at a rate of 5 mm/min until the specimen broke or showed a signifi cant decrease in force output. Data output was given as force (N) vs. distance (d) and Young's moduli values (stress/strain slope) were calculated from the data output as follows: Young's modulus: elasticity (E) = stress/strain = F × L 0 /ΔL × A 0 , in which F is force (N), L 0 is the original length of the specimen (mm), ΔL is the change in distance stretched (mm), and A 0 is the original cross-sectional area (mm 2 ). Units were given in N/mm 2 , which can be converted to kPa with 1 kPa = 1 N/m 2 .
Immunocytochemistry
Cells were immunostained for proliferating cell nuclear antigen (PCNA), a marker of activation, and Paired box 7 (Pax7) and myogenic factor 5 (Myf5), myogenic lineage markers. For PCNA staining, cells on either gel substrates or tissue cultureware were washed with PBS to remove media and fi xed with 90% (vol/vol) methanol in PBS for 10 min at 4°C. Cell membranes were permeabilized and nonspecifi c antigen binding sites were blocked by incubation with blocking solution [10% (vol/ vol) horse serum and 0.1% (vol/vol) TritonX-100 in PBS] for 60 min at room temperature. Goat anti-PCNA (C-20; Santa Cruz Biotechnology, Santa Cruz, CA) was diluted 1:100 in 1% (vol/vol) horse serum in PBS. Cells were incubated in primary antibody overnight at 4°C. After multiple washes with PBS, donkey anti-goat AlexaFluor-488 (Invitrogen) was diluted 1:150 in 1% (vol/ vol) horse serum in PBS containing 10 μg/mL Hoechst 33342 (Invitrogen). After fi xation with 4% paraformaldehyde in PBS (vol/vol), BSC were incubated sequentially in blocking solution (see above), mouse anti-Pax7, and rabbit anti-Myf5. Immune complexes were detected with the appropriate AlexaFluor conjugated second antibody (Li et al., 2011) . Fluorescence was viewed with an Eclipse TE 2000-U stage microscope (Nikon, Lewisville, TX) equipped with an X-Cite 120 epifl uorescence illumination system (EXFO, Mississauga, Ontario, Canada). Images were captured with a Photometrics CoolSnap EF digital camera and analyzed with the NISElements software (Nikon).
Data Analysis
All experiments were performed in triplicate with 3 or more individual animals. Muscle elastic modulus data was analyzed using age of the animal (young or adult) as the fi xed effect, and animal served as the random effect. Culture PCNA experiments were analyzed as 4 × 2 complete block designs. For all experiments animal served as block. For the time experiment, surface elasticity and time were the fi xed effects and animal (from which the BSC were isolated) served as the random effect. For the HGF experiment, surface elasticity and HGF treatment were the fi xed effects and animal (from which the BSC were isolated) served as the random effect. For analysis of the Pax7 and Myf5 immunocytochemistry experiments, data was analyzed as a complete block design with surface elasticity as the fi xed effect and animal (from which the BSC were isolated) as the random effect. All data was analyzed using the PROC MIXED statement (SAS Inst. Inc., Cary, NC). Pairwise comparisons between the least square means of the factor levels were computed using the PDIFF option of the LSMEANS statement. Differences were considered signifi cant at α ≤ 0.05.
RESULTS
The surface tension, or elasticity, of a substrate directly impacts the lineage decisions of multipotent stem cells (Huang et al., 2010b) . As a fi rst step toward examining the effects of matrix tensile strength on satellite cell behavior, the elasticity of both young bull and adult cow skeletal muscle was measured. Muscle elasticity measured from young bulls was approximately 8 kPa in both the LM and SM (Fig. 1) . A signifi cant increase (P < 0.05) in Young's moduli was noted in the adult cow LM (14.57 ± 1.64 kPa) by comparison with the young bull (8.12 ± 1.74 kPa). No developmental increase in Young's modulus was noted for the SM.
Polyacrylamide gels with varying degrees of crosslinking were created and tested for tensile strength (Peyton and Putnam, 2005) . Elastic modulus was calculated from the tensile force measurements and fi t to a linear curve (Fig. 2) . Extrapolation of the data indicates that fi nal acrylamide content of 5 and 7% effectively mimics the elastic modulus of young bull LM and SM and adult cow LM, respectively.
The effect of matrix elasticity on satellite cell activation was examined using ECL-coated polyacrylamide biomaterials. In brief, the artifi cial fi ber matrices were seeded with an equal number of BSC in serum-containing media. Traditional cultureware (elastic modulus >10 6 kPa) was seeded with BSC as positive controls. Polyacrylamide scaffolds of 32 kPa (10% acrylamide) were included as an experimental group. After 24 and 48 h, the cells were fi xed and immunostained for expression of PCNA. Cultivation of BSC on traditional surfaces demonstrates that over 70% of the cells are activated as early as 24 h postseeding as indicated by nuclear expression of PCNA, an auxillary protein for DNA polymerase γ (Fig. 3) . Cells maintained on 6, 16, or 32 kPa bioscaffolds contained signifi cantly smaller percentages (P < 0.05) of PCNA-positive cells by comparison with control BSC on a plastic surface, after 24 h of culture (Fig. 3) . With time in culture (48 h), the numbers of PCNA immunopositive cells increased (P < 0.05) on the 6 and 16 kPa biomaterials surfaces. No differences (P > 0.05) between the 24 and 48 h timeframes were observed for the 32 kPa and traditional plasticware groups. Moreover, no differences (P > 0.05) in total cell numbers were apparent indicating that subtypes of BSC did not preferentially adhere to the biomaterials.
The smaller percentage of BSC expressing PCNA after culture on the elastic surfaces may indicate that the cells are quiescent and refractive to cell cycle reentry. To explore this possibility, BSC were supplemented with HGF or vehicle only. Representative plates were fi xed and immunostained for PCNA at 24 h. As shown in Fig. 4 , HGF served as a potent activation agent for BSC seeded atop 6 kPa biomaterials. Nearly a three-fold increase (P < 0.05) in the numbers of PCNA expressing BSC was noted. A similar stimulatory effect for HGF was observed for cells cultured on 16 kPa surfaces. The growth factor was unable to potentiate activation of cells cultured on traditional surfaces or on the more rigid 32 kPa biosupport. These results demonstrate that surface tensile properties affect the activation phase of BSC.
The effect of bioscaffold tensile strength on lineage identity during the activation phase was examined in BSC cultures (Fig. 5) . In brief, BSC were seeded atop the various biomaterial devices in growth media followed by fi xation at 24 h and immunostaining for Pax7 and Myf5. The percentage of Pax7(+) muscle stem cells did not differ between the 3 pliant surfaces. The percent of the Elastic moduli for select muscles in young and adult cattle. The LM and semimembranosus (SM) were removed from young bulls (5 d) and adult cows (27 mo) at slaughter. Muscle bundles were isolated and stress:strain curves generated for the calculation of elastic modulus. * denotes a signifi cant (P < 0.05) difference within the muscle. total cells represented by muscle progenitors [Pax7(+) Myf5(+)] was greater (P < 0.05) with culture on 32 kPa surfaces by comparison with 6 kPa surfaces; no differences were observed between 6 and 16 kPa biomaterials. Coincident with fewer progenitors, an increase in the numbers of Pax7(-)Myf5(-)cells was observed in the 6 and 16 kPa groups by comparison with the 32 kPa treatment group. Therefore, surface elasticity alters lineage marker expression during the activation phase in vitro.
DISCUSSION
The activation phase is defi ned as the timeframe through which the satellite cell transitions from a quiescent to a mitotically competent entity. In adult mouse satellite cells, activation occurs within the fi rst 6 h of culture establishment and is denoted by expression of the myogenic regulatory factor, MyoD (Zammit et al., 2006) . Adult rat satellite cells begin to transcribe MyoD within 12 h of culture and before mitosis (Smith et al., 1994) . Although recognized as 1 of the earliest markers of activation, MyoD expression is not a universal indicator of satellite cell cycle reentry. Primary BSC cultures fail to express the protein until after S-phase entry and the onset of mitosis (Li et al., 2011) . Gene expression profi ling confi rms that MyoD transcripts are not present before reengagement of the BSC cycle machinery (Gonzalez and Johnson, unpublished data). Therefore, the activation period of satellite cells displays unique speciesspecifi c attributes that may be related to muscle location, ambulation, or hypertrophic predisposition.
The niche that a satellite cell resides within offers many invaluable cues that control cellular decisionmaking processes. Historical defi nition of the niche was restricted to the local microenvironment of the satellite cell and emphasized the autocrine and paracrine synthesis and release of soluble growth factors and morphogens. Recent evidence expands on the defi nition to include chemical, biological, and physical effectors of the cells surroundings (for review see Pannerec et al., 2012) . By example, culture of mouse satellite cells under normoxygenic conditions (6% O 2 ) represses proliferation by comparison with conventional 20% O 2 levels (Csete et al., 2001 ). Maintenance of mouse satellite cells on substratum with physical properties resembling that of a myofi ber promotes self-renewal and maintenance of the undifferentiated state, a clear benefi t for cell expansion before myoblast therapy (Gilbert et al., 2010) . Using an elegant genetic model, ablation of skeletal muscle connective tissue fi broblasts results in premature satellite cell differentiation and smaller muscle fi bers during regeneration (Murphy et al., 2011) . Intermittent stretch in vitro that partially mimics the passive stretch-relaxation experienced by the muscle fi ber enhances satellite cell activation and represses differentiation (Yamada et al., 2006; Kook et al., 2008) . The extent of cross talk between effectors within the niche remains largely undefi ned but likely represents a major contributor to satellite cell actions during normal growth and tissue repair. These results point to the importance of creating an artifi cial niche that more closely mimics the surrounding environs of the satellite cell.
Chief among the niche-localized modulators of activation is HGF. Originally described as a potent initiator of satellite cell activity in extracts of crushed muscle (Bischoff, 1986) , the growth factor was defi nitively identifi ed as the necessary component for activation through immunodepletion (Tatsumi et al., 1998) . Supplementa- Figure 4 . Hepatocyte growth factor stimulates bovine satellite cell activation. Bovine satellite cells were seeded atop bioscaffolds of the indicated elastic modulus in the presence or absence of 10 ng/mL hepatocyte growth factor (HGF). Cells were fi xed and immunostained for proliferating cell nuclear antigen (PCNA) after 24 h. Percent PCNA immunopositive = number PCNA nuclei/total number nuclei × 100. * denotes signifi cant difference (P < 0.05) due to HGF. # denotes signifi cant difference (P < 0.05) between biomatrices. tion in vitro and direct injection of HGF in healthy muscle are suffi cient to illicit a robust increase in the numbers of mitotically active satellite cells (Tatsumi et al., 1998; Sheehan et al., 2000) . Importantly, HGF is present within the myofi ber niche and is released by both the fi ber and satellite cell after exercise and muscle damage allowing it to freely engage with its cognate receptor (Tatsumi et al., 2001 (Tatsumi et al., , 2002 . Mechanisms that mediate the bioavailability of HGF during mechanical disturbance within the microenvironment include calcium ion infl ux, nitric oxide production, and matrix proteinase activity (Anderson, 2000; Tatsumi et al., 2006; Wozniak and Anderson, 2007; Hara et al., 2012) . By contrast to the discrepant MyoD expression pattern, HGF appears to initiate conserved signaling events during BSC activation. Treatment of BSC maintained on pliant surfaces with HGF caused a substantial increase in the numbers of cells traversing Gap phase 1. Cultures established on traditional plasticware were regarded as fully activated in the absence of HGF within the 24 h experimental window. It remains unclear if the BSC were activated due to detection of foreign substrata elasticity or if the cells were activated at the time of seeding. Because equivalent numbers of cells attached at the time of plating, one can speculate that mechanosensory processes likely contributed to the extensive numbers of activated cells.
Initial studies generated stress-strain output curves using muscle fi ber bundles from both young and adult cattle. The calculated elastic modulus for young bull muscle fi bers was 8 kPa independent of anatomical location. With advancing age, the elastic modulus increased in the LM indicating an increase in muscle stiffness. The calculated modulus for adult cow LM (15 kPa) is in line with the elasticity value reported for mouse tibialis anterior (12 kPa; Gilbert et al., 2010) with both bovine and mouse values somewhat less than that reported for adult human LM fi bers (32 kPa; Regev et al., 2011) . Unexpectedly, the SM did not demonstrate an increase in measured stiffness with age. In cattle, the amount of collagen increases with age as does the extent of collagen cross-linking within the muscle tissue. Identical amounts of soluble collagen (12% of total collagen) are found in the LM and SM from bulls and steers supporting the notion of equivalent fi ber elasticity (Gerrard et al., 1987) . Independent of age, it is possible that the greater tensile strength measured for adult cow LM is attributed to gender. This is supported by the fact that SM elasticity did not change as a function of age. Because the bull calves are sexually immature, the existence of greater estrogen concentrations in the adult cow could contribute to the stiffer musculature. It is intriguing, however, that estrogen did not universally affect muscle elasticity. Radial hypertrophy of the muscle fi bers also contributes to increased shear force values of cooked meat. Although not measured in this study, the cross-sectional area of the LM and SM fi bers of cull cows are similar at approximately 2,000 μm 2 again suggestive of similar biophysical properties (Gonzalez et al., 2008) . It is worth noting that the elastic moduli were calculated for bundles of muscle fi bers of similar dimensions. Creation of stress:strain curves for the entire, intact SM or a single isolated muscle fi ber may demonstrate a decrease in elasticity.
Recent efforts have revisited the importance of extracellular matrix composition and surface tensile strength to cell fate and lineage decisions. Multipotent marrow-derived stem cells (MSC) commit to specifi c lineages that are refl ective of the milieu that the differentiated cell would normally reside within (Engler et al., 2006) . Cultivation of human MSC on collagen surfaces with an elastic modulus of 11 kPa results in expression of Myf5, MyoD, and Pax7, markers of myogenic cells. By contrast, MSC cultured atop surfaces with elastic moduli of 34 kPa suppress myogenic markers and upregulates expression of bone morphogenetic proteins 4, 5, and 6 as well as the structural collagen1A1 and 1A2 characteristic of osteogenic cells. Culture of primary mouse satellite cells on biomaterials with elasticity that mimics adult muscle tissue (12 kPa) promoted and sustained self-renewal capabilities (Gilbert et al., 2010) . Examination of muscle lineage markers indicated that the self-renewable satellite cells expressed Pax7 only and divided asymmetrically to yield a progenitor cell when compared with satellite cells cultivated on traditional plasticware. Similar to the mouse, BSC contain a putative muscle stem cell as denoted by Pax7 expression in the absence of Myf5 and these cells undergo asymmetric division (Li et al., 2011) . Seeding the heterogeneous BSC population on the tunable polyacrylamide biosupports affected the number of cells within the various subclassifi cations. No change in the percentage of the BSC characterized as myogenic stem cells (Pax7 only) was noted on any of the biomaterial supports. However, a signifi cant reduction in the numbers of muscle progenitors (Pax7:Myf5) was evident after culture on the highly elastic material. Coincident with the loss in progenitors was an increase in the numbers of BSC null for both Pax7 and Myf5. Because the 6 kPa scaffold was designed to mimic the growing neonatal muscle, it is possible that the progenitors rapidly transition to the committed myoblast stage (MyoD expressing). However, we cannot rule out that the Pax7(-)Myf5(-) cells have reverted to an entirely different cell type or that the cells are nonmyogenic. Others have reported that surfaces of this tensile strength are suffi cient to induce neural tissue formation from MSC (Engler et al., 2006) . At the greater surface tensions, a greater proportion of the BSC are contained within the progenitor subgroup suggesting that more pliant surfaces trigger commitment and differentiation. Finally, we observed no effect of matrix elasticity on the percentage of BSC contained within the Myf5 subclass. These cells are somewhat unique to BSC displaying a protracted population doubling time and no evidence of fusion (Li et al., 2011) ; the subgroup may include the Pax3(+)Myf5(+) myogenic stem cell found in mice (Buckingham et al., 2006) . Future efforts include further manipulation of the elastic matrices to better isolate the 2 putative stem populations. In summary, the described efforts indicate that HGF performs a species-conserved function during activation of satellite cells. Treatment of quiescent BSC with the growth factor initiated their rapid reentry into the cell cycle. Moreover, results reveal that biomechanical properties also contribute to the duration of the activation period and affect the genetic identity of the satellite cell. Alterations in muscle tensile properties that occur with age and ambulation impact the activation period of the BSC and may lead to differences in hypertrophy and muscle repair. Future efforts examining the effects of gender, synthetic steroids, and feed additives on the elastic properties of muscle will provide additional insight into the importance of fi ber biomechanical properties to satellite cell biology.
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